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Construction of evaluation model of volatile flavor intensity of cyclic
stewed beef based on principal component analysis
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Abstract: Objective: In order to evaluate the difference of charac-
teristic flavor intensity between different times of cyclic stewed
beef. Methods: The volatile flavor compounds in circulating
stewed beef were determined by solid phase microextraction-gas
chromatography-mass spectrometry ( SPME-GC-MS), and the
key flavors with important contribution were screened out accord-
ing to the relative odor activity value. The flavor substances con-
tributed by circulating stewed beef were analyzed by principal
component analysis, the flavor intensity evaluation model of
cyclic stewed beef was established, and the comprehensive evalu-
ation of cyclic stewed beef was carried out combined with sensory
evaluation. Results: The seven key flavourings were n-hexanal,
undecanal, nonanal, n-hexanol, 3-methylpentane, cineole and
anethole. The results showed that the contribution rates of the
first to third principal components obtained by principal
component analysis were 52.40% . 25.64% and 12.95% respec-
tively, and the cumulative contribution rate was 90.98% , which
could represent the main information of volatile flavor substances
in cyclic stewed beef. The correlation coefficient between the
characteristic flavor intensity of the model and the sensory score
was 0.90(P<20.05). Conclusion: The model can be applied to the
flavor evaluation of cyclic stewed beef.
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Table 1 Analysis results of volatile flavor compounds and corresponding ROAV in the process of cyclic stewed beef
T4 £7 15 K / A&/ % ROAV
6] /min  (pg+ kg™!) L1 L5 L10 L15 L20 L1 L5 L10 L15 L20
iE O 23.53 4.5 36.06 18.95 50.62 60.19 57.90 7.39 3.82 595 7.47 5.15
+ 20.87 5 1.39  0.03 1.32 1.64 1.42 0.26 0.01 0.14 0.18 0.11
R TR 23.90 1 1.94 8.74 1.84 1.30 2.89 1.79 7.93 0.97 0.73 1.16
IR 23.64 0.35 3.67 2.82 231 1.55 1.28 0.01 0.0 0.00 0.00 0.00
B 27.71 0.23  0.12  0.00 0.00 0.14 — — — — —
X -2- 2 H-1-EE 39.24 0.787 1.40  0.00 0.00 0.00 0.00 1.64 0.00 0.00 0.00 0.00
2,5,8, 11, 14-Ti & 24-16-
- 20.61 2.24 804 3.11 3.16 1.62 — — - — —
IEC B 23.45 250 0.69 0.60 4.07 0.53 1.17 1.14 0.97 3.85 0.53 0.84
1F 37 B 34.04 110 0.24 0.00 0.00 0.00 0.23 0.32 0.00 0.00 0.00 0.13
+=m 18.14 0.00  0.00 0.14 0.00 0.12 — — — — —
3,6, 9, 12-PU 5K 4% 1 X -
22.05 0.26  0.20 0.07 0.00 0.86 — — — — —
1-FE
B 22.36 950 16.09 18.30  2.90 7.11  0.00 0.02 0.02 0.00 0.00 0.00
1E B 28.12 0.15 0.96 0.00 2.86 1.58 0.00 5.90 0.00 10.09 5.88 0.00
-1l s P 34.70 1.2 0.75 0.36 0.06 0.00 0.10 0.58 0.27 0.03 0.00 0.03
BEde JF R 28.72 6 0.65 0.08 0.07 0.04 0.28 0.10 0.01 0.01 0.00 0.02
B2 26.08 0.125 0.64 0.00 0.59 1.48 4.64 4,72 0.00 2.50 6.61 14.85
1+ s 24.21 5 0.04 0.00 0.00 0.00 0.05 0.0 0.00 0.00 0.00 0.00
i - 3 e 19.50 0.005 08 0.00 0.56 0.96 0.91 1.27 0.00 100.00 100.00 100.00 100.00
2- K B 24.91 0.18 0.00  0.85 0.00 0.00 0.00 0.00 4.28 0.00 0.00 0.00
1-J B 23.77 3 0.00  0.79 0.00 0.00 1.22 0.00 0.24 0.00 0.00 0.16
19 45 -3-B% 18.02 0.01 0.00  0.43  0.00 0.00 0.00 0.00 39.01 0.00 0.00 0.00
6- 1 H-1-PE i 20.75 0.00 0.43 0.00 0.00 0.00 — — — — —
3- 1 g FR 29.44 0.00  0.17 0.06 0.07 0.07 — — — — —
-2 3 s it 32.16 0.72 0.00  0.00 4.10 0.00 0.00 0.00 0.00 3.01 0.00 0.00
(S)-(+)-1,2-1§ % 26.68 0.00 0.00 2.78 0.00 0.00 — — — — —
9- DY H5-1- 15 31.50 0.00  0.00 0.30 0.00 0.00 — — — — —
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o 21.95 12.5 0.00  0.00 0.13 0.00 0.00 0.00 0.00 0.0l 0.00 0.00
Jz-2- 0 M 23.32 5 0.00  0.00 0.00 1.48 0.00 0.00 0.00 0.00 0.17 0.00
R S 25.17 110 0.00  0.00 0.00 0.13 0.00 0.00 0.00 0.00 0.00 0.00
(S)-1,2-H 36.89 0.00  0.00 0.00 0.00 2.29 — — — — —
3,5-ZHI L IR C 42.52 0.71  0.00 0.00 0.00  0.00 — — — — —
4-H 3-2-C W 41.49 0.000 81 0.02 0.00 0.04 0.00 0.00 22,78 0.00 26.13 0.00 0.00
3-F4HE-2-T il 17.82 8.8 0.00 2.87 0.57 3.51 0.41 0.00 0.30  0.03 0.22 0.02
P2 P A 19.23 1 0.00 1.87 0.00 0.00 0.00  0.00 1.70  0.00 0.00 0.00
- = SR T 32.51 0.00 0.68 0.00 0.00 0.00 — — — — —
¥ HE YR 42.25 10 0.00 0.35 0.00 0.00 0.00 0.00 0.03  0.00 0.00 0.00
4-H1 BE-2-75 i 42.99 0.7 0.00  0.00 0.00 0.00 0.04 0.00 0.00  0.00 0.00 0.02
3-F 2R 1y iR 29.69 31 1.02  0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00
FRH A —BE R N T 34.40 0.08 0.06 0.25 0.24 0.11 — — — — —
(Z)-hTR H Eg 37.00 0.39  0.00 0.00 0.00 0.00 — — — — —
4 W LR TR 38.06 1.8 0.34 0.00 0.29 0.41 0.00 0.17 0.00 0.09 0.13 0.00
- i P 7% 44,18 0.26  0.00 0.00 0.00 0.00 — — — — —
e 7R P T 19.11 2 0.09 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00
1-F BE T SE TR 31.24 0.00  0.09 0.00 0.00 0.69 — — — — —
2-C H-1, 1R B N JE-2-
41.60 0.00  0.72  0.00 0.00  0.00 — — — — —
¥ TR F i
SRR K TR 41.73 2.1 0.00  0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.0l
10-+—Jii iR 44.67 2.3 0.00  0.00 0.03 0.00 0.00 0.00 0.00 0.01 0.00 0.00
R 2-CM O R 17.86 3.13 5.17  0.00 7.95 3.81 801 1.52 0.00 1.34 0.68 1.02
W2 ZHEm 29.21 0.00  0.00 0.00 0.15 0.00 — - — — —
N, N-X(2-$ & H)-2-5
37.41 0.00  0.00 0.41 0.00 0.52 — — — — —
$k R
1ET ke 37.97 2 800 0.00  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- 3-H 5k e 40.13 31 3.63  0.21 5.75 501 6.92 0.11 0.01 0.10 0.09 0.09
S i A 40.44 0.2 0.16 0.00 0.00 0.00 0.00 0.74 0.00 0.00 0.00 0.00
ECkE 41.89 1.5 0.00 16.99 0.00 0.00 0.00 0.00 10.27 0.00 0.00 0.00
T B T 42.74 0.76  0.00 0.85 0.00 0.00 - — — — —
2,6- AT FE AR 43.84 0.16 0.00 0.10 0.10 0.52 — — — — —
S B AR H il Tk 20.37 0.05 0.37  0.06 0.02  0.07 — - — — —
R () ik 26.35 0.10  0.00 0.16 0.00 0.13 — — — — —
S TH] 7 32.40 0.05 5.42  0.00 0.00 0.00 0.82 100.00 0.00 0.00 0.00 6.56
] A-DY I -2 Y AR R 32.72 0.1 0.37  0.00 0.00 0.00 0.00  3.41 0.00 0.00 0.00 0.00
* F Hh R 38.39 0.00  1.04 0.00 0.39  0.32 — — — — —
2-I 4-3-C 2-T4 Js-1-3 )-
38.53 0.00  0.48 0.00 0.00  0.00 — — — — —
W
2, 6- BT FEXT H By 40.38 1 0.00 0.32  0.00 0.00 0.00 0.00 0.29 0.00 0.00 0.00
WwE 41.21 0.00  0.20 0.00 0.23  0.20 — — — — —
T FRARRRES B E(P<0.05),
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Figure 1
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Table 2 Eigenvalues and cumulative contribution rate

of correlation matrix

EM RREE Jr ST/ BBUF Z TR/ X%
1 14.15 52.40 52.40
2 6.92 25.64 78.04
3 3.50 12.95 90.98

Principal component analysis macadam and scatter
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Table 3 Eigenvectors of principal components
F sy F 5y

Fi F, Fs F, F, F3
X iE O 0.85 —0.14  —0.19 | Xoo  I-2- Rk mE 0.17 —0.51 0.83
X, M 0.97 0.05 —0.13 | X Jma-2-C 0.03 —0.43  —0.47
X T B —0.78 0.59 0.19 || X3  4-H3-2-C W 0.68 0.09 0.72
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Xu - T8 AR T 0.34 0.94 0.11 || X5 3-HIHEHE 0.93 —0.34 —0.07
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X1s e it il —0.71 —0.70 0.00 || Xso T A AR 0.72 0.70  —0.04
X9 2- W —0.85 0.49 0.19 | Xso  4-TAMiSE-2- H R SEIK T 0.71 0.70  —0.00
X2 1- e —0.84 0.31 —0.17 | X 6- AT XS —0.85 0.49  0.19
X 1-3F Jfi-3- —0.85 0.49 0.19
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Table 4 Characteristic cycle spiced boiled beef flavor

intensity grading

EW RS
4151
F, F» Fj F

L1 —1.21  —0.39 0.12 —0.79
L5 —0.58  —0.71 —0.11 —0.55
L10 —0.59  —0.76 —0.02 —0.56
L15 1.03 0.72 0.13 0.37
L20 0.39 0.76 0.28 0.48
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Figure 2 Principal component score map of characteristic

Flavor of circulating boiled Beef
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Table 5 Cycle characteristic spiced boiled beef flavor

intensity sensory evaluation results

Aol FRAEvEXURGE B W HEF
L1 78.94+2.18¢ 5
L5 84.35+1.55¢ 4
L10 86.5442.79" 3
L15 89.51+1.17% 2
L.20 92.7142.14° 1

t FEREANIR RN 22 5 W3 (P <<0.05)
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Table 6  Pearson correlation analysis between sensory

score and F value of circulating boiled beef

£ 51 BE WL Ffa

L1 78.94+2.18¢ —0.79

L5 84.3541.55¢ —0.55

L10 86.54+£2.79" —0.56

L15 89.51+1.17 0.37

1.20 92.7142.14* 0.48
mekt 0.90° (P<0.05)
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